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..Ibstract-A Europa Lander mission has been  assigned 
high  priority for the post-2005 time frame in NASA's 
Space  Science  Enterprise  Strategic  Plan.  Its  primary 
scientific  goals  are to characterize the surface  material 
from  a  recent  outflow and look  for  evidence of pre-biotic 
and  possibly  biotic  chemistry. The mission concept 
involves  landing  a  single  spacecraft  on  the  surface of 
Europa with the  capability  to  acquire  samples of material 
from 1 meter  below  the  surface,  perform  detailed  chemical 
analysis  of the samples,  and  transmit  the  results  directly  to 
Earth.  Because  of the large velocity  change  required (4 
M s e c ) ,  the propulsion  system  comprises  over 85% of  the 
1000 kg launch mass. The  spacecraft will require  novel, 
lightweight,  radiation-tolerant  components;  new  devices 
for acquiring,  distnbuting,  and  processing  surface 
material;  miniatunzed  organic  chemistry  instruments;  and 
capability to perform an autonomous  precision  landing on 
Europa's  hazardous  surface. 
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1. INTRODUCTION 

In cooperatlon with N.L\SX's Solar System Exploration 
Subcommittee (SSES) the Jet  Propulsion  Laboratory 
( JPL)  is conducting a series of studies to assess the 
feasibility of planetary  science missions proposed for 
launch in the 2006-2010 time frame and to prioritize 
technology  development  steps that will enable these 
m1ssIons. Thts paper describes the results of one  of  these 
studies. ciealmg wlth a concept for a Europa Lander 
mission. Included are discussions o f  the sclence 
obJectlves. thc malor deslgn trade-ot'fs In planning a 
nusslon to satisfy these ob~ectives, the resulting mission 
concept, and ldentificatlon of technology  developments 
needed to enable the mission. 

Europa is one  of the most scientifically  interesting  objects 
in  the solar system  because of the strong  possibility that a 
liquid water ocean  warmed by tidal  heating  exists 
underneath its ice-covered  surface. If a subsurface  ocean 
exists  on  Europa, it can be assumed to contain  both 
organic  molecules  and  heat  sources  from  tidal  effects,  the 
decay of radioactive  elements,  and  geophysical 
mechatusms.  Europa's  subsurface  ocean  environment 
may be similar to that of the  deep  ocean  hydrothermal 
vents on Earth  where  life has recently  been  detected. If 
life  exists (or existed)  on  Europa,  it may pervade  the 
liquid  portions  of the planet  and  perhaps be detectable  in 
the dark  fracture-filling  material  from  recent  ocean 
outflows  on  the  planetary  surface. The possibility of 
finding  traces of biotic or pre-biotic  materials has led  to  a 
h g h  ranlung  for  a  Europa  Lander  mission  among  the 
candidates in NASA's Space  Science  Enterprise  Strategic 
Plan. 

2. SCIENCE  OBJECTIVES AND MEASUREMENTS 

The  top  level  Europa  Lander  science  objectives  are : 

(1) Go to one or more surface  sites with access  to 
"pristine" (as recently  erupted or exposed to the 
surface  as  possible)  material  from  an  ocean, or 
other  subsurface  liquid  water. 

(2) Characterize the surface  composition,  especially 
the organic  chemistry,  at  depths below the 
critical  radiation  processing  depth (> 0.5 m). 

(3)  Search for indications of blology. , 

(4) Deterrmnr the global  and reglonal context for the 
slte. 

( 5 )  Deterrmne the local thickness o f  the ~ c e  

The followmg paragraphs  expand these into a set of 
scientltic goals and a list o f  Instruments tvchlch can address 
each god. Table I summarues thts instrument set and 
describes  corresponding  current  technology  status  and 
future technology potrntd.  
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Important measurements include  isotoplc and elemental 
composltlon of Ice, melting point of ice, properties  of 
melted ice including pH, redox  potential,  conductivity, 
ionic  concentrations,  and  evolved  gas  concentrations  as  a 
function of temperature. 

Possible instruments include  wet-chemistry  station; 
electronic nose; electronic  tongue; tunable diode  lasers; 
quadruple or magnetic sector  mass  spectrometer;  alpha 
proton  X-ray  spectrometer. 

Sample  handling  requires  a dnlling and coring  device for 
obtaining  ice  cores. No sample  purification or 
concentration is required,  but  the  wet-chemistry  station 
and  electronic  tongue will require  a  sample  chamber with 
a vacuum  seal in order to create  a  liquid  melt in Europa's 
high-vacuum  environment. 

Science  goal 
Characterization of 

j liquid  ocean 

! Isotopic  analysis  of C, 
1 0, other  targeted 
~ elements in ice 

Isotopic/  elementau 
molecular  analysis of 
materials  present in ice 

Presence  of  bio- 
signatures 

i 

Important measure-ents .nclude determlnatlon of the 
organlc molecular  :ompusit1on of ~ c e  on  Europa  and 
search for bio-signatures .ncluding  amino acid chirality 
measurement and  farty acrd Inalysls. 

Possible instruments  mclude gas  chromatograph  coupled 
to time-of-flight mass spectrometer; IR andlor Raman 
spectrometer;  L\.-vlslble  spectrometer; microfluidic 
separation system  zoupled to capillary  electrophoresis 
device for ammo acrd analysis; microfluidic  separation 
system coupled to !iquld hromatograph for  fatty acid 
analysis. 

Sample handling requires 3 device for obtaining ice 
cores. In order to increase the llkellhood of detecting 
organic molecules. sample prification and  concentration 
will be rewired using a membrane device  and/or some 

7- 

kmd of mic-rofluidic &em 

Table 1. Instrument Summary 

Instrument 1998 technology 2004-2007 technology ; 
Wet  chemistry ' Simple chemical and pH Sopbsticated  chemical j 
laboratory i sensors; ion specific sensors; electronic nose 1 

Tunable  diode  lasers  Some  TDLs developed . l ~ a y  of miniature ! 
(TDLs) i for Hz0  sensing, etc. TDLs targeting wide ; 

range of evolved gases I 

1 electrodes and tongue ! 

T 
I 

I 

j Presence  and 
1 characterization of pre- 
I biotic  and  biotic 

compounds 
Presence and 

biotic and biotic 
compounds 

- ~~ ." " 

, characterization of pre- 

Imaging and 
characterization of large 

Mass spectrometer (MS) Quadrupole ;LIS: mass Coupled GC;MS system ' 
or coupled  gas  -1.3 kg; power -15-50 \1:~5 mass <1 kg; power 
chromatograph W; mass resolution -0.5 -1-2 W; mass  resolution 
(GCI'MS) amu 4 .  '10 1 amu 
Capillary  electrophoresis no  CE device developed hliruature  microfluidic 
(CE)  device  capable of ' for in situ exploration j m l e  extraction 
determining  amino  acid s\.s:em coupled to CE 
chirality delxe: mass -0.8 kg; ; 

power - 1-3 W 
UV-visible-near-IR No UV-visible-near-IR llmlature. low-power 
spectrometer  spectrometer developed specnometer 

for in-situ exploration 
. ". " ~. .". 

Mid-[R'Raman Raman spectrometer: 
spectrometer mass -2 kg; power - 5  R~n:an spectrometer 

. " "" ". "~ - . ". 
S ~ 7 t  < I  TDL-based ' 

W; delicate and non-rad- n:th mass -0.1 kg; 
hard F O t I C r  -0.5 w; rugged 

m J  rad-hard 
"" .~~ .. ~ - . "" ~. -. . - - 
Microscope Simple optlclll \ l l n~~ tu re  instrument 

mlcrossope Lorxblning XRD XRF 



/ / r r ( l , q l r r , y  c m l  Ch~lrclcter,:(ltl,,rr 
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Important measurements include Imaging and possible 
m~neralogical Information. Possible mstruments Include 
optical  microscope,  scanning  electron  microscope (SEM), 
X-ray  diffractlordX-ray  fluorescence  device. 

Sample handling requires a drilling  and  coring  device for 
obtaining ice cores unless samples  are imaged directly on 
the surface. Instruments will probably  examine ice, use a 
heating device to sublimate  all water from the sample, and 
then examine the remaining  material. 

Imuging of Local Environment 

It may  be desirable to mount the imaging camera on a 
mast whch can take  pictures  covering a 360" field-of- 
view. 

3. MISSION DESIGN 

This  study  assumes a launch in the  2007-2009 time frame. 
The original specification was  for a direct  transfer  to 
Jupiter,  but the energy  requirements of ths  mission  made 
performance  too  much of a challenge for that minimum 
time transfer. Instead, a launch to a CJ of 35 km2/sec 2 

followed by a tnple Venus  gravity  assist  trajectory was 
selected. Th~s has the undesirable  effect of increasing the 
Earth-Jupiter  trip  time  from 3 to 6.5 years. Shortening 
this time will be the objective of future studies. 

The mission design rmnimizes the propulsion  energy 
requirement to arrive in orbit at Europa by  doing a 
satellite tour after  bralung  into  orbit at Jupiter. This will 
crank the orbit  energy  down as close to Europa's as 
possible using gravity  assist  combined with propulsive 
maneuvers. A Ganymede  flyby as the spacecraft 
approaches  Jupiter  reduces  the  energy  needed  for  the 
Jupiter  orbit  insertion  and  perijove raise maneuvers, 
which result in about a 200-day  orbit. 

There follows a sequence  of  outer  Galilean satellite flybys 
augmented by propulsive  maneuvers to reduce the energy 
of the orbit untll I t  is inside Ganymede's  orblt.  Then, a 
serles  of reverse Europa tlybys pump the orbit  down to a 
6 3  resonance with the target satellite. Europa orbit 
insertion bum follows, with the spacecraft  ending up  in a 
100-km  orbit  around the satellite, ready for  the descent 
bum to the surface at a location  chosen based on images 
obtalned In prevlous misslons. The spacecraft velocity 
changes for arrival at Jupiter.  satellite touring. and  Europa 
orblt and descent are shown In Table 2 .  

F o r  the selectd option and  the spacecraft mass glven 
below  the required launch uses an Atlas IIAR, for  which 
we a w m e  a I V ! 4  launch veh~cle pertornlance margin. In 
the absence of  more detalled performance  curves, this is 
assunlcd t o  be equivalent to a n  .Atlas IIXS with a 5% 

Table 2: Breakdown of Spacecraft Velocity Changes 

lMission  Event 
750 JuDiter Orbit  InsertioniPertiove  Raise 

AV ( d s )  
" 

4. SPACECRAFT  SYSTEMS 

A dominating factor in the design of a Europa Lander 
spacecraft is the radiation environment where  the lander is 
expected t o  operate. The 5tucIy estimated a 2 Mrad total 
dosage to the end o f  the rnlsslon. The system design is 
based on the planned third delivery from the Deep Space 
Systems Technology (S2000)  Program.  Thls program has 
been establlshd t o  develop new technology for deep 
space mlssions  and to dcllver prototypes of flight qualified 
systems 2nd subsystems incorporating the technology. The 
third X2000 Jellvery.  scheduled for 2006. will include 
very Ilght Lvclght racll~t~~)n-hurd avmn1cs. The radiation 
hardenlng ~b r.\rpcctccl t o  be at ahout 1 4Irad at the 
component l c ~ ~ l .  ; o  thJ t  some shlekllng L ~ I I I  be required 

wlll not he rad hard a n d  will require substantial shielding. 
for 1110S1 ~ o l l l ~ O l l ~ ~ l t ~ .  :\ f C i V  ~ O l l l ~ O l l ~ i l ~ S  (r.g., $yTOs) 



ruble 3.  Spacecraft Mass and Power 

Propellant & Pressurant 

Atlas IIAS Launch Capability 
977 Spacecraft Total (Wet) 
639 

1279 

A high level of redundancy  was used throughout the 
design  because of the  long  duration  of the mission. Mass 
and  power  estimates  for the spacecraft systems are  shown 
in Table 3 and a sketch of the lander on the Europa 
surface is provided  in  Figure 1. 

Propulsion 

The total -V required  for  the  mission is  -1300 d s ,  with 
about ZOO0 m/s required to get from the f i a l  orbit to the 
surface of Europa. A two-stage  propulsion  system was 
found to save  over 200 kg/m launch mass relative to a 
comparabie  single  stage  system.  Both  Stages  have a dual- 
mode system, with a single,  two-axis, gimbalable 450-N 
hydrazineinitrogen  tetroxide  engine, and twelve hydrazine 
thrusters for roll control  during -V maneuvers and for 
attitude control fbnctions. 

Bused on current  and  projected  perfomlance  expectations 
fur dual mode engines, a reasonable specific impulse for 
thls tme-frame would be 330 s, with an aggressive goal of 
maybe 335 s using  rhenium chambers and greater 
expansion ratios. Since the payload mass difference 
between 330 and 335 s was relatively nunor, the  330 s 
was basel~ned for the study.  consistent nith the current 
proJectwns for engmes  under  development.  Other than 
dllt;.rcnccs In the tankage  sizes. t h r .  t \ \ o  5tages were 
basically Identlcul In design. The  prlnury non-tankage 
Iurdwart‘ Jlttkrence was that Stage I used 0.0-N thrusters, 
v.hile Stage 7, 4.5-N thrusters. Both stages used 
conlposlte tanks for propellant and pressurant. Stage 1 

was sized  assuming 2300 m/s and would be separated just 
prior  to deorbit, leaving  the  remaining 2,000 m/s for Stage 
2 to perform. 

Attitude and Articulation Control 

The attitude  and  articulation  control system (AACS) 
provides four major functions:  attitude determination, 
attitude  control,  landing  guidance  and  control (G&C), and 
articulation  control for the main engine and the high gain 
antenna (HGA). The A\CS design relies heavily on 
heritage  from X2000, but it also requires development of 
new landing techniques  and  subsystems. A functional 
block  diagram of  the AACS is shown in  Figure 2. Key 
requirements include  pointing the HGA to within thrr ty  
arc sec of the estimated  Earth  position  and landing within 
1 km of the targeted  location. I t  is assumed a 10 rn 
resolution map of the target area will be provided by a 
previous rmsston (Europa  Orblter planned. for launch in 
2003). 

AuitLde  Determinution-The attitude determination 
system wdl consist of tine sun sensors which will be CO- 

boresighted with the HGA for initla1 acquisition and HGA 
pointmg knowledge, APS star  cameras which  will provide 
the spacecraft tllree-axls fine polnting knowledge. and 
mlcro-lMl’s In multl-chlp  nwdule (MCk1) f o m t  with 
0 .  l”,hr b u s  jtabll1ty used t o  propagate attltudc‘ rates when 
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the star cameras cannot be used (durmg  attltude 
maneuvers, main tnglne bums. etc.) Each star  camera 
will have a bi-directional  400-mil thick aluminum  shutter. 
When the Europa Lander IS in a  high-radiation 
environment, these shutters  will remain closed  except 
when the gyros need to be updated. The  A4CS will 
provide the gimbal-drive  electronics  and  controllers as 
well as the valve-drive  electronics  and  controllers for the 
attitude  control  thrusters. Trades performed in a  prior 
Europa Lander study have shown that  reaction  wheels  are 
not required with  the present  set of mission  requirements. 

Landing G&C-Autonomous guidance  and  control  for 
descent  and landing requires six degree-of-freedom (DOF) 
thrust-vector  control (TVC)  and maneuver  capabilities  to 
enable  a  safe,  precision soft landing. The capabilities 
include  autonomous  trajectory path guidance  and  hazard 
avoidance  during  descent to the  irregular/chaotic  ice 
fields of Europa.  Requirements on the Europa  Lander 
G&C  system will include  the  following  functional 
capabilities: 

Two-body  descent  and  maneuver  dynamics  and 
stability  envelope  prediction. 

Descent  guidance  laser  rangefinder  and  stereo 
imaging system,  using A P S  focal-plane 
technology,  with  autofocus and autostabilization 
over  a  >1000:  1  dynamic  range in descent from 
the 100-km orbit  to  a  horizontal  maneuvering 
altitude of under 100 m . 

Terrain  correlation  tracking  during  descent  for 
target landing site  recognition . 

Target-relative  closed-loop  terminal-path 
guidance laws . 

Lar?der TVC a!gorithm for adaptable  glide slope 
and heading control in path guidance  and 
maneuvering. 

Soft-landing  approach  lateral andi'or hovering 
maneuvers using visual  obsemation to avoid 
hazards and land In a preferred  touchdown  site. 

Gimbaled main engme with an artlculation range 
of=30" in two axes. 

Landing guidance  provided by the advanced landing 
sensors  subsystem (ALSS) which will consist of a  dual 
redundant WFOV stereo  descent Imager and  laser 
rangefinder system. This system will be used wlth the 
IMC t o  meet the preclslon Iancilng guidance and 
navigation requirements. The  ALSS  optlcal  sensors wrll 
rrnlaln cohered wlth -100 mlls of A I  shwlds until pre- 
landmg operations at whlch time these covers w11l be 
removed. 

used by the ('assmi engines of the same S I X .  Articulation 
of  the HGA w ~ l l  be provdrci by two rotary stepper motors 
wlth  -0.002" resolution to meet the HGA pointing control 
requirement. 

Command rind Datu Hunriling 

T h s  system also relies  heavily on the miniaturized 
radiation  tolerant  avionics  planned for X2000 thlrd 
delivery.  The  command  and  data  system  (CDS)  consists 
of two identical unlts operating in a  string A and string B 
fashon and will perform the following functions: 

Uplink command  processing and distribution. 

Sequence  storage  and  control. 

Maintenance  and  distribution  spacecraft time. 

Collection  and  formatting  of engineering 
spacecraft  sensor  data. 

Bulk storage  of  science  and  engineering data. 

Subsystem  control  and  services. 

Spacecraft  system  control  services 

Science  data  processing 

Spacecraft  fault  protection. 

Reed-Solomon  downlmk. 

CDS will collect 265 Mb of science and spacecraft 
engineering  data  during the 10.5-day period and will 
perform 2: 1 lossy  data-compress  algorithms on  the science 
data. These  reduce the total  volume to  145 bib.  
Packetization  and  encoding  overhead will increase the 
overall  downlink  data  volume  slightly. 

Each CDS string will have  three MCMs weighing 1.0 kg 
per  string inside a  200-mil  aluminum enclosure. The 
estimated  radiation  dose  inside the enclosure is 1 Mrad. 
Detailed  functionality will include  the following: 

PowerPC 750  Processor:  250-MIPS processing 
will include  spacecraft  commands 3nd science 
data compression.  The processor module 
provides the Telecom  data formatting for Case 3. 
Power strobe  controls will power down  MC,"s 
when  they are not in use. MCMs  that are 
powered off will be less  susceptible 10 the effects 
to the T I D  cnvlronment. 

I" Serlai I 0 Bus-I bus w i l l  communicate 
w t h  science Instruments and spacecraft 
subsystems.  Sclence data and controls will 
transfer over the redundant bus at 1 0 0  kbps. 

RFS ~pllllli'Downlink-Tht: Interface link to the 
Telecom  Subsystem will process upllnk data at 2 

( '  



kbpr and downlink science and engtneermg data 
I kbps. 

Flash N V  Memory-power strobes the  Flash 
N V  Memory will be powered off when  not In use 
to muease the reliability of the devlces  regarding 
the TID  environment. 

Mbps FireWire I/F-High-speed data from the 
star  camera will be capture with a 100 1Mbps 
FireWire  interface. 

60K - 230K  Gate Array-The  FPGA  with high 
speed  data  control for the  star  tracker. 

Power 

The power  subsystem  drivers are the mass of the  power 
generation  component  and  the  mass for shieldmg of 
electronic  components. For the  power  generation, we have 
assumed  judicious  advances  in  radioisotope  power 
generation. A simple  trade  revealed that significant mass 
could be saved by using a secondary  battery  to  level the 
mission power modes  (sized  for  descent and landing). 

Power Generation-The major  component  of  the  power 
subsystem  for thls mission is an advanced  radioisotope 
power  source ( A R P S ) .  The A R P S  is based on  the 21 % 
efficient  AMTEC  (alkali-metal  thermoelecmc  converter) 
using a two-brick GPHS  (general  purpose  heat  source) 
currently under development  in  the X2000 program. This 
power generator is expected to deliver 96 W at  the end of 
a 12-yr mission. The generator  has a predicted mass of 10 
kg. 

Power Storage-Energy storage  for this mission will be 
provided by a  secondary  lithium-polymer  battery. The 
battery was sized to ioad-levei the descent  and  landing 
mode.  The  battery  will  provide the remainder of the 
power not provided  by  the ARPS during the 1-hr descent 
and landing including the energy required during 2 
minutes of propulsion bums  during this mode. The total 
energy  requlred is 146 Whr which will  be provided by two 
lithtum-polyner 6 - A h  batteries weighing 1.5 kg each. 

Power Electronics - Power  switching. management, and 
distribution  assumes X-2000-3 delivery MCM 
technology.  This  technology is expected to dissipate 250 
W.'kg; thus the total mass of the power electronics is 
expected to be 2.4 kg. 

The thermal control  system will include a thermal 
distribution system whlch takes  advantage of the waste 
hcat that  is  nommally rejected by  the AILITEL'. This is  key 
t o  kceptng tilm-heater  electrical po1kr.r down to a 

manageable level both for crutse Jnd landed operations. 
The  staged  propulsion units ~ 1 1 1  require a segmented 
thermal distrtbutlon  system whtch would accommodate 
both cruise and landed modes.  The  dlstrtbution  system is a 
capillary. pumped-we loop which IS  capable of high heat 
transfer in a rninlmum diameter  size h e .  

For landed  operations, an IR shield is employed to 
minimize  AMTEC/site  radiant  heating  interactions.  If thts 
were not the case, it is conceivable that the lander-anchor 
integrity could be compromised by the 300 "C (573 K) 
case  temperature  on the AMTEC.  The physical 
configuration  of the IR shield  would be a multistaged V- 
groove  design to successively  stage  the  temperatures 
down  from 300 "C to levels of temperature  consistent with 
maintaining the site-anchor  integrity. 

Local  thermal  control is provided by a  set of film heaters, 
thermostats,  and  sensors  for  the  propulsion  system and 
key  electronics  subsystems.  Total  power  requirements  are 
about 17 W in landed  operations  and  about 9 W in cruise 
for the  baseline 2007 system. 

Structures 

The structure mass was estimated  parametrically  based on 
the  masses of the other  subsystems  which the structure 
supports, plus specific  substructures,  components,  and 
mechanisms.  While  structural  materials  and  concepts  are 
not a  quickly  progressing  field,  assumptions  consistent 
with the  projected  technology  level were used for the mass 
estimates.  Technology  assumptions for structures  and 
cabling  include: 

Advanced non-metallic  composites  providing 
- 1  5% mass saving  over  current  technology. 

Use of LMFS (multi-fhctional structure)  in 
electronics  bcs: this integrates  structure, 
electronics  housings,  cabling, and some  inter-unit 
connectors. 

Trlecorr~rn~rr~~cc~rlc~ns 

The mmion w ~ l l  have three comunlcations phases: the 
launch phase, the cruise  phase and the encounter  phase. 
The encounter phase (after  landing  on the surface of the 
moon) will last about I to 2 months. 

Encomter .Ilotlt. C-I~mrnlrrllrr;rlon-The range between the 
spacecraft and DSN at the encountrr \ v ~ l l  be mumed to 
be about 4.3 A U .  The range will remain 4.3 AC for the 
orblt  around Europa 3s well as the landing phase.  KJ-band 
frequency W I I  be used for the teleconununicatlom 
operations. Durtng the encounter, the  DSN 70-m  antenna 
will be used to receive the telemetry.  The  70-m s t a t m  
will be assumed to have the Ka-band  receive  capability by 



the tme the rnlsslon launches. The encounter wlll last on ly  
about one month o r  s o  

.l'hc bit rate wlll be I kbps.  The telemetry transfer frame 
w ~ l l  be produced In accordance wlth the CCSDS format. 
The data w ~ l l  be directly  modulated on  the carrier.  The 
telemetry link will use  the rate 116 constraint length 15 
convolutional  coding  concatenated with  the JPL  standard 
223/255 Reed-Solomon block  code.  This  arrangement will 
have a requirement of bit-energy-to-noise  density ratio of 
about  0.8  dB.  The link  will have  a  data margin of 
3.0 dB and the carrier margin of 6 dB.  The  total loss of 
the  spacecraft  telecommunications  system is limited to 
about 6 dB. 

The telecommunications link will use a  parabolic  reflector 
high-gain  antenna (HGA)  of  about 0.35 m diameter. l k s  
will  have  a  gain of about 38 dB and  will have a 3 dB end- 
to-end  beamwidth of about 1.7". The antenna will be 
pointed  by  the  attitude  control  system (ACS) and  hence 
the  telecom  system will not  carry the gimbals. The 
pointing  accuracy  necessary will be about 0.16" to limit 
the antenna  pointing  loss to about 0.1 dB. The radiated 
power of 5 W (RF) will sustain the link. The ground 
station  receiver  (Block V receiver) will have a  threshold 
of 12 dB and the camer t r a c h g  loop  expanded 
bandwidth to be no larger than 10 Hz. 

Cruise  Mode Communications-The cruise  mode 
communications will begin  once  the  journey to the  target 
begins.  This  does not include  the  launch  mode. The cruise 
mode  communications will use the spacecraft's  0.35 m 
diameter  parabolic  reflector  HGA.  The lmk will  support  a 
bit rate of  about 0.15 kbps. The data will  be coded using 
the same rate 1;6 constraint  length 15 convolutional  code 
concatenated with the JPL  standard 2231256 Reed- 
Solomon block code.  The RF radiated power will be same 
as before, 5 W. 

The cruise node lasts up to :he encounter,  consequently 
making the worst case  range of about  4.3 AU. The cruise 
mode  communications will be used  to downlink  the 
spacecraft's health status  consisting of the payload  health 
and the subsystems  health  data.  The  data will be 
downlinked to  the  DSN 34-m  beam  waveguide (BWG) 
statlon with only a few contacts with  the ground  station 
(such JS two tlmes J Lveek). 

Thls l i n k  w i l l  provide a carrier margin of about 6 dB and a 
data margln of about 3  dB.  The  radiated power is 5 W RF 
and the total losses of the link are limited to about 6 dB as 
before. The recelver on the ground  (Block V receiver) will 
be assumed to have an cxpandeci camer tracklng loop 
bandwdth o f ~ b o u t  i HZ. 

tracking loop. I'he data w ~ l l  use the same  coding as before 
to provlde a low requlred blt energy to n o w  denslty  ratio. 
.The ground  statlon  receiver (Block L. recelver) will have 
the carrler loop expanded bandwidth of I HZ. This 
assumes that  the Doppler on  the spacecraft is known and 
can be bused out at the carrier tracking loop. The  data 
margin is about 3 dB.  This link allows  a total loss about 6 
dB. 

Programmatics 

The launch  approval  process  for this misslon is a real 
issue  because  of the A R P S .  That  process  requires that a 
data  book be available  that  describes  the power system 
and  both the launch vehcle and  the  spacecraft. This is 
used  for  a  thorough  analysis of possible  failure  modes  and 
probabilities.  By  the  year 2007 we can assume that the 
AMTEC RPS will  have  been  described,  tested,  and 
analyzed.  There  is  now  a  concerted  effort  going  on to get 
it approved for space  flight. The Atlas IIAR launch 
vehcle is, however,  problematical.  There  are now no 
specific  plans to generate  a  data  book  for  it  and  the 
addition  of the Star  48 upper  stage  complicates the issue. 
The work to generate  the  required  data is estimated to take 
at  least two years.  It is therefore  a  pre-Phase A cost  and 
some  arrangement  for  its  funding  outside the normal 
project fimding must be  made. 

5 .  COST 

Mission  end-to-end  costs  were  estimated using  the Team 
X to Develop New Products (DlulPj cost  model.  This is 
based  on mission implementation  using the JPL DNP 
process which includes the use  of  behavioral and cross- 
cutting models, test  bed  development,  and  art-to-part.  The 
model is used by subsystem  designers to generate  cost 
estimates for their  hardware,  software, and operations 
which they can  adjust  based  on the specific  characteristics 
of the mission. The subsystem  estimates  are then used by 
the cost  analyst in another  part  of the model which applies 
DNP-based  overhead  estimates to generate the overall 
cost.  The  project  development  cost  estimate  (phases A. B, 
C/D) is summarized In Table 1. These costs are based on 
the 33-month  development life cycle planned for JPL 
projects launching in the middle of the next decade.  Table 
5 lists the Misslon Operations (Phase E) costs and the 
total mlssion costs. 



I',~hle J f>hase A .  0 ,  C:D Cost Summary In FY '08SM 

Project Management 
Outreach 
Launch Approval 

7 . 2  
I .J 
5 .o 

Project  and Mission Engineering 

3.5 Instrument Suuuort 
24.7 Payload 
14.3 

Spacecraft 

Science 
Mission  Operations 
A. B. C/D Sub total without LV 158.6 
IReserves at 20% I 31.7 I 
Launch Vehcle 

295 A, B, C/D total with LV and reserves 
105.0 

Table 5. Phase E and  Overall  Mission  Cost Summary in 
FY '98$M 

lproiect  Management I 4.2 I 
Science 
Mission  Operations 
Phase E Subtotal 
Reserves at 10 % 
Phase E Total 
IPhases A. B. C/D Total I 295 1 
Mission  Total  (Phases A through  E) 

~ ~~ ~~~ ~~, , ~ 
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6. TECHNOLOGY NEEDS 

Many technology advances are needed to enable usefui 
science return from a landed  mission on Europa. The 
spacecraft will require  novel, lightweight, radiation- 
tolerant  components  and, in the current landing scenario, 
must be able to perform  an  autonomous  precision landing 
on Europa's  surface while avoiding  poorly  defined 
hazards.  Current work on advanced  radioisotope  power 
sources must be successfully  completed. New 
technologies are also necessary for  the miniaturized 
instruments which  will perform the desired  scientific 
Investlgatlons. 

H d i u r i o r r -  T o l c ~ r m r  Cotnponrnts 

,'\I1 of the avionlcs and mtruments on the proposed 
Europa Lander w i l l  requlre radiation-hard electronics. 
The capability to survive a total ionizing dose (TID)  of-1 
Mrad or greater was assumed in estimating shielding 
mass.  Techniques for hbrlcatmg radiation-hard micro- 
processors and :VD converters include usmg CMOS 
processes,  sillcon-on-insulator. or silicon-on-sapphire 

In addltlon :o radlatlon-hard electronics, other Instrument 
components (1.e. optlcal fibers, optical detectors, charged- 
particle detectors) must  be designed or modified to 
survlve in Europa'j harsh radiation environment without 
the  need for masswe radiation shielding. In particular, the 
optical detectors currently used by active pixel sensor 
(APS) cameras are xtremely sensitive to radiation. An 
extremely usehl technology development for fiture 
Europa missions IS the development  of radiation-hard 
A P S  cameras using CMOS processes or similar radiation- 
hard processes. Ideally, all components of the instrument 
package will be radiation tolerant to at least 100 h a d  
levels so that  the required  radiation shelding is not 
prohlbitively massive. The importance of developing 
radiation-hard components can  be illustrated by the 
following example. The total mass allotment for  the 
landed instrument  package  is expected to  be  -10  kg. If 
the radiation sensitive components  are radiation-hard to 
only 10 krad  and can be contained in a small 10- x 10- x 
10-cm science box. the required  aluminum shielding will 
have a prohlbirively large mass of -100 kg. 

Devices for .4cquirrn,o. Distributing, and Processing 
Surface .blarerial 

The specific sample-handling strategies will depend on the 
instruments.  but 3t least four types of general sample 
handling devices 3re llkely to be needed by  the proposed 
Europa  Lander rdjjlon: ( 1 )  a drilling and coring device 
for acquiring ice jmples  at depths  of up to a meter below 
the surface: (21 ;i sample distribution device to supply  the 
various instruments nith material; (3) a vacuum-sealable 
chamber for melting water-ice in Europa's high vacuum 
environment: mi (4)  sample purification and 
concentranon system consisting of membrane andor  
microfluidic &\-ices. 



return; m d  iecond, tlcvelopmg  entlrcly new Instruments to 
study  pre-blotlc and hlotlc chemistry. 

For  mstrurnents In the tirst category, the requlred 
technology  developments  are for the most part  instrument- 
specific. For example, a miniature  quadruple mass 
spectrometer for  In-situ studies  currently has a mass of -2 
kg of which -100 g is required for the mass analyzer. The 
instrument mass is dominated by the required high- 
frequency,  high-voltage  electronics,  and  therefore 
technology  developments which lead to reductions in the 
electronics  subsystem mass are more critical  than 
developments which lead to further  miniaturization  of  the 
mass  analyzer. As a second  example, in order to 
significantly  reduce the mass of  a  miniature  Raman 
spectrometer  from 2 kg to less  than 0.5 kg, technology 
investments in low-mass, low-power UV and  blue  lasers 
will  probably  be  required. 

Some of the proposed  science  goals  for  a  Europa  Lander 
cannot be addressed with existing  instruments. In 
particular, many instruments  for  studying  pre-biotic  and 
biotic  chemistry  are  either at the  earliest  stages of 
technological  development or are  not yet being  developed 
for  in-situ  exploration.  Among  these  are  a  miniature 
portable  W-visible-near-IR  spectrometer from 200 nm 
to 5000 nm, a capillary  electrophoresis  device to study  the 
cha l i ty  of amino  acids  (dominance of either  chirality 
would be an  unambiguous  bio-signature),  and  a  device to 
study the number of  carbon atoms in fatty  acids  (more 
even-chain than odd-chain  fatty  acids would be an 
indicator of life). 

.-futonornous  Landing and Hazurd  Avoidance 

The  surface  of  Europa has been  described as being  “rough 
at all  scales”. Images from  precursor  missions will be 
used to establish the desired  landing  zones  but will not 
identify  hazards at the scale of the lander, so the lander 
must be extremely  robust or must be able to avoid  large 
surface  irregularities  (autonomously due to the long light 
time). 

Propulsion  Technologies 

Table 7 shows that propulsion  systems  account for more 
than YO percent of the launch mass so propulsion 
technology  advances can have a signlticant  payload 
Impact. This  includes  both  specific Impulse increases  and 
component mass reductlons.  Although not covered in this 
study.  advances in low thrust  propulsion  technology (solar 
electric or solar sail) have been found I n  other  studies to 
be potentially  benrticial to a Europa mission. 

program and  rts successful completion I S  important to 
scveral planned outer  planets mssions. 

7 .  CoNCLLsloNs 

A Europa  Lander mission  satisfying the objectws of the 
SSES could be feasible for launch in the 2007 tlmeframe 
with appropriate  investment in the technology areas 
descrlbed in  the previous  section. 
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.-\ high pcrtbmmance radioisotope based power  source is 
crucial t o  h e  Europa Lander concept. Such a system is 
bemg cievclopeci by the Advanced Deep Space  Systems 


